Mycoplasma gallisepticum enrofloxacin-resistant mutants were generated by stepwise selection in increasing concentrations of enrofloxacin. Alterations were found in the quinolone resistance-determining regions of the four target genes encoding DNA gyrase and topoisomerase IV from these mutants. This is the first description of such mutations in an animal mycoplasma species.
Mycoplasma gallisepticum is responsible for chronic respiratory diseases of chickens and sinusitis of turkeys (17) . Control by antimicrobials is sometimes necessary to minimize its transmission in case of an outbreak. M. gallisepticum is known to be susceptible to several antimicrobials (10, 17) but can develop resistance against some of the quinolones used in veterinary medicine (14) . Unlike human mollicutes (3, 5, 16) , mechanisms involved in fluoroquinolone resistance are unknown in veterinary mycoplasmas. Most of the reported mutations involved in quinolone resistance are concentrated in the quinolone resistance-determining regions (QRDRs) of the gyrA and parC genes of DNA gyrase and topoisomerase IV, respectively (3, 16, 18, 19, 22, 23) . However, some mutations in the gyrB and parE QRDRs were found to be responsible for low-level resistance to fluoroquinolones (4, 5, 13) . The QRDRs of the gyrA, gyrB, and parE genes of M. gallisepticum were previously described (8, 20) , but reports of their implication in fluoroquinolone resistance have never been published. In this study, we report the complete sequence of the parC QRDR of M. gallisepticum and the different alterations of the four QRDRs associated with quinolone resistance in mutants selected in vitro.
Two strains of M. gallisepticum, ATCC 15302, a reference strain (26) , and 41-91, a field strain (15) , were used in the selection. Strains were grown in Frey agar or broth medium (15) . Flumequine, norfloxacin, ofloxacin, and oxolinic acid used for the MIC determinations were purchased from SigmaAldrich (Saint Quentin Fallavier, France), while danofloxacin came from Pfizer (Amboise, France), marbofloxacin came from Vétoquinol (Magny-Vernois, France), difloxacin came from Fort Dodge Animal Health (Princeton, N.J.), and enrofloxacin and ciprofloxacin came from Bayer Pharma (Puteaux, France).
Selection of enrofloxacin-resistant mutants was performed by serial transfers and incubations in Frey broth medium containing subinhibitory concentrations of enrofloxacin at 37°C for 5 days. The drug concentrations were gradually increased. This process was repeated 10 times. The MICs for the cloned resistant strains were determined by an agar dilution method (6) on Frey medium. Antimicrobial concentrations ranged between 0.03 and 64 g/ml. Plate contents were incubated at 37°C in a 5% CO 2 atmosphere for 5 days.
DNAs were prepared according to standard methods. Amplifications of the QRDRs of gyrA and gyrB and of parE were performed with specific primers designed from the M. gallisepticum S6 strain sequences (8) and from the M. gallisepticum A5969 strain sequence (20) , respectively. The 3Ј terminal region encoding the ParC QRDR was unknown for M. gallisepticum. Amplification of the parC QRDR was initially performed with primers chosen from the M. gallisepticum A5969 parC sequence (20) and from the alignment of known nucleotide sequences of different bacteria (1, 2, 7, 12) . The nucleotide sequences obtained were then used to determine two new internal primers, ParCD3 (5Ј-GAAGAATAGATGGATAAG AAA-3Ј) and ParCR6 (5Ј-GTCTCTTTGTTAATATTCTCA-3Ј).
PCR was performed with a Perkin-Elmer 9600 thermal cycler in a total volume of 50 l containing a 0.2 M concentration of each primer (Oligo Express, Montreuil, France), a 200 M concentration of each deoxynucleoside triphosphate (Pharmacia Biotech, Orsay, France), 5 l of 10ϫ EXTRA-POL I Taq buffer, and 1 U of EXTRA-POL I Taq polymerase (Eurobio, les Ulis, France). After 5 min at 95°C, amplification was performed over 40 cycles, with 30 min at 95°C, 30 min between 52 and 64°C depending on the primers used, and 15 min at 72°C, with a final extension step of 10 min at 72°C. The purified PCR products were directly sequenced with an ABI PRISM AmpliTaq FS, DyeDeoxy-Terminator kit in an ABI PRISM 373A sequencer (Perkin-Elmer, Courtaboeuf, France).
The sequence of the parC QRDR of M. gallisepticum, which had been only partially sequenced beforehand (20) , was amplified and characterized. The nucleotide and the peptide se-quences of the 413-bp amplified fragments of parC obtained from strains ATCC 15302 and 41-91 presented 96.6 and 100% identity, respectively. As expected, the amino acid sequence exhibited higher homology with the ParC than with the GyrA sequences of other bacteria. The M. gallisepticum ParC QRDR showed a higher identity percentage with the ParC subunits of other mycoplasma species and gram-positive bacteria like Staphylococcus aureus and Streptococcus pneumoniae than with the gram-negative Escherichia coli (Fig. 1) .
Twenty-two enrofloxacin-resistant mutants obtained from both strains were characterized for their susceptibility to nine quinolones and for the QRDR status of their gyrA, gyrB, parC, and parE genes (Tables 1 and 2 ). These mutants exhibited cross-resistance for all quinolones studied. Interestingly, the activity of danofloxacin appeared to be least affected by the presence of numerous mutations. When tested, the mutants were susceptible to nonquinolone antimicrobials, like erythromycin, tetracycline, and chloramphenicol (data not shown). The most resistant mutants presented three mutations, with two of them in GyrA or ParC, or four substitutions in at least three of the four target genes, suggesting that the level of MICs could be correlated with the number of mutations. Thus, the mutant with the highest resistance was mutant ATM5 derived from the reference strain; it harbored four target alterations (Table 1) .
Unlike other mollicutes, such as Mycoplasma hominis (3, 5, 16) , Ureaplasma urealyticum (4), and Acholeplasma laidlawii (21) , where no GyrB mutation was found, M. gallisepticum (7), S. pneumoniae (Sp) (19) , and E. coli (Ec) (11) . The numbering used corresponds to that of the E. coli ParC peptide sequence. Symbols: . , identical amino acids; -, gap introduced to maximize similarities; and ‫,ء‬ identity percentage. The QRDR is underlined. (9, 13, 19, 25) .
Mutations of GyrB at position 426 were likely obtained in the early steps of the process and were then found in all subsequent derivatives, introducing a bias in the frequency of GyrB alterations. However, mutants investigated in this study (Tables 1 and 2) were obtained from three and four independent selection experiments realized with both reference and field strains, respectively, suggesting that the frequency of GyrB mutations is not due only to the selection method. In ParE, the Asp-4203Asn substitution observed was previously described at the corresponding position in M. hominis (5) . The two other mutations found in ParE, at positions 463 and 467, have never been described previously. Eight different mutations were found at four distinct positions, 81, 83, 84, and 87, in the GyrA QRDR of M. gallisepticum (E. coli numbering). These positions have been previously found mutated in quinolone-resistant mutants from other bacteria (3-5, 11, 16, 19, 22-24) . In the ParC QRDR, seven amino acid alterations were found at positions 80, 81, and 84 previously altered in other bacteria (3-5, 11, 16, 18, 23) . To our knowledge, the Ala-643Ser substitution found in mutant 41M10 (Table 2) has never been described.
Some mutants exhibited the same mutations but had different MIC profiles of the fluoroquinolones tested (data not shown). Additional mechanisms, like mutations elsewhere in the topoisomerase genes or modifications in drug efflux systems, may contribute to the resistant phenotype of these mutants.
In summary, our results generally showed that the development of mutants with high levels of resistance to quinolones in M. gallisepticum required mutations in both topoisomerases, like for most bacteria (3-5, 11, 13, 16, 22, 23) . When available, the study of clinical strains will be helpful in validating these in vitro data. Like M. hominis in humans, M. gallisepticum could be a good model for the study of fluoroquinolone resistance in animal mycoplasmas.
Nucleotide sequence accession number. The nucleotide sequence data reported in this paper will appear in the GenBank nucleotide sequence databases with the accession number AF372652.
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